























chemical	 treatments	 of	 these	 fibres	 allows	 producing	 mainly	 two	 types	 of	 cellulose	
nanomaterials:	 cellulose	 nanocrystals	 (CNCs)	 and	 cellulose	 nanofibrils	 (CNFs).12–14	 As	 they	
partially	retain	the	semi-crystalline	nature	of	native	cellulose,	they	both	display	high	values	
of	 intrinsic	birefringence	and	refractive	 index	(Δn ≈	0.074-0.08),9,15	while	their	high	aspect	
ratio	contributes	to	an	even	higher	extrinsic	birefringence	when	dispersed	 in	a	medium	of	
lower	 optical	 index	 such	 as	 water	 (Δn/Φ	 ≈	 0.12,	 where	 Φ	 is	 the	 volume	 fraction	 of	
cellulose).15,16	Native	fibres	can	also	be	chemically	modified	and	functionalised	to	produce	
stable	solutions	of	 individual	polymer	chains,	 so-called	cellulose	derivatives,	 for	which	 the	




nanomaterials	 are	 for	 these	 reasons	 an	 industrial	 reality:	 the	 last	 decade	 has	 seen	 an	
increasing	 number	 of	 companies	 selling	 nano-cellulose	 products	 and	 research	 groups	






optical	 response	 of	 photonic	 cellulose	 nanocrystal-based	 film.	 In	 analogy	 to	 liquid	 crystal	
molecules,	 these	 bio-sourced	 rod-like	 colloids	 spontaneously	 form,	 above	 a	 critical	
concentration,	a	chiral	nematic	structure	whereby	individual	CNCs	align	along	a	helicoidally	
birefringent	 superstructure.	 This	 organisation	 can	 be	 maintained	 in	 the	 dry	 state	 upon	
solvent	evaporation,	and	it	gives	rise	to	strong	reflection	peaks.1	The	reflected	wavelengths	
and	the	scattering	properties	of	these	films	therefore	depend	on	both	the	orientation	of	the	
cholesteric	 domains	 and	 the	 value	 of	 the	 pitch	 in	 the	 films.20,21	 Recently,	 these	 features	
were	 found	 to	 be	 determined	 by	 the	morphology	 of	 the	mesophase	 at	 the	 kinetic	 arrest	














efforts	 have	 been	 done	 by	 the	 community	 to	 improve	 standardisation,	 significant	
differences	 in	 the	 characteristics	 of	 the	material	 are	 still	 found	 in	 commercially	 available	




size	 and	 shape	 polydispersity.3	 As	 the	 phase	 separation	 from	 isotropic	 to	 chiral	 nematic	
during	 the	 self-assembly	 is	 connected	 to	 the	 aspect	 ratio	 of	 the	 nano-crystals,33	 the	











As	 for	 cellulose	nanocrystals,	 cellulose	nanofibrils	 have	been	exploited	on	 large	 scale	 and	
there	is	a	huge	literature	on	the	preparation	and	fabrication	of	highly	optically	transparent	
cellulose	 nanofibril	 films	 (or	 “nanopapers”),41,42	which	 are	 also	 available	 commercially	 for	
flexible	displays,	electronic	and	solar	cells,	but	also	for	packaging.43	Roll-to-roll	compatible	
production	processes	have	been	in	fact	already	established	to	fabricate	films	with	different	
optical	 properties	 from	 fully	 transparent	 to	 opaque	 ones.44,45	 The	 intrinsic	 high	 value	 of	
anisotropy	 of	 cellulose	 fibrils	 in	 terms	 of	 refractive	 index	 and	 aspect	 ratios	 shape	makes	
them	also	very	suited	for	highly	scattering	materials.	The	optical	properties	of	membranes	
composed	of	cellulose	nanofibrils	can	achieve	highly	bright	white,	even	in	thin	coatings.	This	
is	 extremely	 relevant	 for	 industrial	 applications	 as	 commercially	 available	white	 products,	
such	 as	 paints	 and	 sun	 creams,	 are	 typically	 formulated	 with	 high	 refractive	 index	




management	 in	 photosynthetic	 systems	 to	 control	 of	 appearance	 in	 living	 organisms,	we	
can	 now	 look	 at	 nature	 not	 only	 for	 optical	 design	 strategies,	 but	 also	 for	 material	
exploitation:	 cellulose	 functionalities	 can	 be	 now	 engineered	 for	 optics	 and	 photonics	 in	
plants	and	bacteria.	Moreover,	as	the	most	abundant	bio-polymer	on	the	planet,	cellulose	
represents	a	truly	renewable	and	biodegradable	source	for	the	manufacturing	of	sustainable	















epidermal	 cells	 of	 the	 plants.	 A-	 Coloured	 leaves	 from	Microsorum	 thailandicum,	 B-Pollia	
Condensata	and	C-Magaritaria	Nobilis.	
	
Figure	 2:	 Cellulose	 based	 Photonic	 structures.	 A-	 Coloured	 flexible	 film	 obtained	 with	
cellulose	 nanocrystals.	 B-	 Multicolour	 printed	 microfilms	 of	 cellulose	 nanocrystals,	 the	
reflected	 light	 is	 circularly	 polarised	 so	 the	 colour	 is	 visible	 only	 in	 the	 circular	 left	
polarisation	channel.	C,D-	Transparent	and	opaque	cellulose	nanofiber	films	and	respective	
SEM	in	E,F	showing	that	different	morphology	of	the	fibres	 leads	to	differe	 light	transport	
properties.	G-	Roll-to-roll	photonic	Cellulose	laminate.	
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